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Des ription 

This inventi n relates to a m thod of calibrating 
x-ray tub filament currents. This Invention als re- 
lates to an x-ray tube system. 5 

Each model and type of x-ray tube conventionally 
has a published set of filament emission curves or ta- 
bles. These curve sets or tables commonly take the 
form of a graph of filament current against tube cur- 
rent or mA for each of plurality of fixed tube voltages 10 
or kV. For example, the curve set might include 
curves for each of three or four tube voltages be- 
tween 50 kV and 150 kV. 

In an x-ray device, the x-ray tube is commonly op- 
erated for a selected duration at a selected tube cur- 15 
rent and voltage combination. This generates a cor- 
responding amount of x-rays of the appropriate ener- 
gy to penetrate the patient or subject and properly ex- 
pose photographic film or provide appropriate x-ray 
flux for other x-ray detection equipment Generally, 20 
the tube voltage across the anode and cathode is 
readily set. The tube current is controlled by adjusting 
the current flowing through the cathode filament. In- 
creasing the filament current increases electron 
emission from the cathode which increases the tube 25 
current or electron flow between the cathode and 
anode. By referring to the filament emission curve 
set, the filament current required to produce a select- 
ed tube current at a selected tube voltage is readily 
determined. 30 

Heretofore, x-ray equipment has been calibrated 
with data taken from the filament emission curves. 
Most commonly, the filament emission curves were 
used to set the filament current that would be sup- 
plied for each combination of x-ray tube currents and 35 
voltages that could be selected. To be sure that these 
were accurate, an initial calibration process was fre- 
quently conducted. Either manually or automatically, 
exposures were taken with each of a plurality of the 
selected x-ray tube current and voltage parameters. 40 
The actual tube current produced was compared with 
the selected tube current When the actual and se- 
lected tube currents differed, the filament current 
was adjusted down or up from the value read from the 
curves as necessary to bring the actual and selected 45 
tube currents together. 

One of the problems with this prior art calibration 
technique is that it could damage the x-ray tube fila- 
ment The filament has a low impedance and oper- 
ates at a high current. Filament temperature varies so 
generally with power across it, i.e. I 2 R where I is the 
filament current and R is the filament resistance and 
filament current varies generally as V/R, wh r V is 
th voltage applied across th filam nt Evenn rmal 
manufacturing tol ranees f this filam nt can cause 55 
a major change in its resistance, hence its gen rating 
temperature and th resultant tube current. F r ex- 
ample, typical tolerances for the filament current n 



the curve table are of the rder of ± 0.1 5 amps, A va- 
riation of 0.15 amps can make a diff rence of plus or 
minus 300 to 400 mA in th tube current Particularly 
when testing the high tube curr nt values, the fila- 
ment might produce up to 400 mA more than expect- 
ed. This extra tube current increases the heating of 
the anode. A tube current increase of the 300 to 400 
milliamp range can increase the anode temperature 
to the melting point or cause other thermal damage. 

US-A-4930145 discloses a filament current reg- 
ulator for an X-ray generator which includes a calibra- 
tion circuit which compares the actual x-ray tube fi- 
lament current to a predefined filament current refer- 
ence value. Another circuit is included which com- 
pares the actual x-ray tube voltage, applied across 
the anode and to cathode of the tube, to a predefined 
reference voltage value. The regulator adjusts the f 1- 
lament current during afirsttime interval of an expos- 
ure based on only the filament current comparison, 
and during the remainder of the exposure based sut>- 
stantially on the excitation voltage comparison. The 
regulator apparatus also integrates the difference be- 
tween the actual filament current and the reference 
current value over a given interval during the expos- 
ure. The integrated result is employed by the regulator 
to redefine the filament current reference value. 

It is an object of this invention to provide a new 
and improved calibration procedure which avoids 
damage to the x-ray tube anode. 

According to the invention there is provided a 
method of calibrating x-ray tube filament currents of 
an x-ray tube having an anode and a cathode fila- 
ment, wherein said method comprises determining 
the filament current at the emission point by : a) ap- 
plying a selected voltage across the cathode filament 
and the anode of the x-ray tube; b) applying a small 
current to the cathode filament of the x-ray tube at 
which no tube current flows; c) while the selected vol- 
tage is being applied, monitoring for tube current be- 
tween the cathode filament and the anode; and d) in- 
creasing the cathode filament current and repeating 
steps a) - c) until tube current is monitored, the fila- 
ment current at this point being designated as the fi- 
lament current at the emission point. 

Further, according to the invention there is pro- 
vided an x-ray tube system comprising: an x-ray tube 
having an anode , a cathode filament, and a power 
supply means for selectively applying a voltage 
across the anode and cathode filament; x-ray tube 
voltage control means for selectively controlling the 
voltage applied across the anode and cathode fila- 
ment; cathode filament current control means for 
controlling a current applied through the cathode fi- 
lam nt; and tube curr nt monitoring m ans for moni- 
toring a tub current flow b tween th cathode f Ma- 
in nt and th anode; charact rized in that calibration 
m ans are provided including: means arranged to 
cause th cathode filam nt current control means to 
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apply a small current t thecathod filament fthex- 
ray tube at which no tube current flows; means ar- 
ranged t cause th x-ray tube voltage control means 
t apply a sel cted voltage across th cathode fila- 
ment and the anode; means arranged to cause the 5 
tube current monitoring means to determine whether 
the x-ray tube current flows between the cathode fi- 
lament and the anode while the preselected voltage 
is being applied; and means arranged to cause the 
cathode filament current control means to increase 10 
the cathode filament current until a tube current flows 
between the cathode filament and the anode. 

One advantage of the present invention is that it 
avoids thermally damaging the x-ray tube. 

Another advantage of the present invention re- 15 
sides in approaching each calibration current from 
below which reduces tube current overshoot. 

Another advantage of the present invention is 
that it may quickly, in less than two minutes, automat- 
ically calibrate a full range of x-ray tube operating 20 
parameters. 

One system and method in accordance with the 
invention will now be described, by way of example, 
with reference to the accompanying drawings in 
which:- & 

Figure 1 is a diagrammatic illustration of an x-ray 

tube in combination with an automatic calibration 

and control circuit; 

Figure 2 is illustrative of an exemplary tube cur- 
rent (mA), tube voltage (KV), and filament current 30 
(l fll ) relationship; 

Figure 3 is a flow chart illustrating the steps or 
means for identifying the emission point, and, 
Figure 4 illustrates appropriate steps or means 
for determining the filament current calibration at 35 
each of a plurality of tube current and voltage set- 
tings. 

With reference to Figure 1, an x-ray tube 10 has 
an anode 12 and a cathode filament 14. A filament 
current control means 16 provides a selectably ad- 40 
justable current through the cathode filament 14 
causing the filament to boil off an electron cloud. A 
power supply 20 under the control of kV or tube vol- 
tage control means 22 applies a selected voltage be- 
tween the cathode filament 14 and the anode 12. The 45 
potential difference causes a tube current 24 as the 
boiled off electrons are attracted from the cathode fi- 
lament 14 to the surface of the anode 12. The collision 
of this high energy electron beam 24 with the anode 
causes a beam of x-rays 26 to be generated. How- so 
ever.the energy of the collision is so high that the 
anode 12 heats to near its melting point The x-rays 
26 trav rse a patient receiving region and impinge on 
an x-ray sensitive medium 28, such as photographic 
film, solid state x-ray detectors, r the like. Optional- 55 
ly, the anode 12 may rotate such that the I ctron 
b am 24 dwells a short rdurati natagiv n point on 
the anode surface t reduce heating and avoid ther- 



mal degradation. 

The power supply 20 includes a high tension 
transformer 30 whose primary voltage is controlled 
by the tube v Itage control 22. A pair of s condary 
windings are each connected across analogous rec- 
tifier bridges 32, 34 such that the selected tube vol- 
tage is created across output terminals 36+ and 36". 

Because the current flow through the x-ray tube 
is essentially a closed loop, the same current that 
flows between the cathode and the anode flows 
through a resistor 40 connecting the rectifier bridges 
32, 34. Accordingly, the x-ray current 24 can be 
sensed by sensing the voltage across the resistor 40. 
A voltage controlled oscillator 42 is connected across 
the resistor 40 such that it produces an output signal 
whose frequency or pulse rate varies in proportion to 
the voltage across resistor 40, hence the tube current 
24. A counter means 44 counts the output pulses of 
the voltage controlled oscillator 42 for a unit time to 
provide a numeric output indicative of the actual tube 
current 24. 

With continuing reference to FIGURE 1 and fur- 
ther reference to FIGURE 2, a microprocessor control 
circuit 50 instructs the filament current control 16 and 
the tube voltage control 22 in accordance with the ac- 
tual tube current 24 as determined by the counter 44. 
At a selected tube voltage, generally the highest vol- 
tage rating, e.g. 120 kV, no tube current 24 flows 
when the filament current l f „ is low , e.g. below 3.0 
amps. As the filament current increases, no tube cur- 
rent will flow until an emission point 52 is reached, 
e.g. around 3.4 amps. Thereafter, each small in- 
crease in the filament amperage causes the tube cur- 
rent to change generally along a fixed voltage, mA v 
l f „ curve 54. As the tube voltage is decreased towards 
the minimum tube voltages 56, e.g. 40 kV, a progres- 
sively higher filament current becomes necessary to 
reach the emission point, as described by curve 58. 
In this manner, the tube voltage, tube current, and fi- 
lament current relationship is defined by a generally 
warped surface. 

With continuing reference to Figure 2 and further 
reference to Figure 3, the microprocessor 50 has a 
means or performs a step 60 causing the filament 
current control means 16 to set the filament current 
to some initial low value, e.g. 3.0 amps. A step or 
means 62 causes the x-ray tube voltage control 
means 22 to apply the maximum selectable tube vol- 
tage across the cathode 14 and anode 12 to start an 
exposure. A tube current determining means or step 
64 monitors the output of counter 44 to determine 
whether a tube current 24 is flowing. If there is no 
tube current flowing, a step or means 66 causes the 
filament current control means 16 to increase th fi- 
lament current by a pr sel ct d increment. The tube 
voltag is applied again at 62 and a check is again 
made at 64 to determin whether the tub current 24 
has started t fl w. This increm nt, exp se, and 
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check routine is continued cyclically until a tube cur- 
rent 24 is sensed. 

Once the tub current 24 has started to flow, a 
step or means 70 divides the f ilament current incre- 
ment by two to reduce the increment size. A step or 5 
means 72 causes the filament current control means 
16 to decrease the filament current by the half size in- 
crement A step or means 74 causes the voltage con- 
trol means 22 to start another exposure so that a tube 
current monitoring step or means 76 can check 10 
whether the tube current 24 still flows at this lower fi- 
lament current If the tube current 24 is still flowing at 
this lower current a filament current decreasing 
means or step 78 causes the filament current to be 
decreased by the currently set increment If the tube f 5 
current is no longer flowing at this filament current a 
f ilament current increasing means or step 80 causes 
the filament current to be increased by the currently 
set half increment An increment reducing means or 
step 82 divides the f ilament current increment in half 20 
again. Optionally, step or means 82 may be disposed 
between steps or means 74 and 76. This process of 
adjusting the filament current, starting an exposure to 
see if a tube current flows, and dividing the filament 
current increment by two continues until a step or 25 
means 84 determines that a preselected minimum fi- 
lament current increment size has been reached. The 
filament current at this point is then designated as the 
f ilament current at the emission point 52. 

With reference to Figure 4 and continuing refer- 30 
ence to Figure 2, once the emission point 52 is deter- 
mined, the f ilament current which causes a first se- 
lected tube current 90 to flow at maximum tube vol- 
tage is determined. A step or means 92 sets the fila- 
ment current at the emission current level, i.e. at the 35 
filament current level which produces the smallest 
measurable tube current which is lower than the se- 
lected tube current 90. A tube current incrementing 
means or step 94 sets a desired tube current value 
successively to each of a plurality of preselected val- 40 
ues and resets the tube voltage to the maximum vol- 
tage. An x-ray exposure starting step or means 96 
causes the tube voltage control means 22 to apply the 
tube voltage across the anode 1 2 and cathode 14 and 
a tube current detecting means or step 98 determines 45 
whether the tube current measured by the counter 
means 44 exceeds the tube current selected with a 
tube current selecting step or means 94. If the actual 
tube current is below the selected tube current a fi- 
lament current incrementing step or means 1 00 mere- so 
ments the filament current by a preselected filament 
current increment and the exposure and companng 
steps are repeated. This expose, compare and incre- 
m nt procedur is repeated until the actually m as- 
uredtub current xce dsthes lected tube current 55 

Onceth tubecurr nt xceedsth s lected tube 
current a step or means 102 divides the filament cur- 
rent increment by tw t reduce the step r increment 



size. Astep or means 104 causes thef ilament current 
control means 16 to d crease r decrement the fila- 
ment curr nt by the half size increment A step or 
means 106 caus s the voltage control means 22 to 
start another exposure so that a tube current monitor- 
ing step or means 108 can check whether the tube 
current still exceeds the selected tube current at this 
lower filament current. If the tube current still ex- 
ceeds the selected tube current at this lower f ilament 
current a f ilament current decreasing means or step 
110 causes the filament current to be decreased by 
the currently set Increment, and if the tube current is 
less than selected at this filament current, a filament 
current increasing means or step 112 causes the fi- 
lament current to be increased by the currently set in- 
crement An increment reducing step 114 divides the 
filament current step in half again. This process of ad- 
justing the filament current, starting an exposure to 
see if the tube current exceeds the selected current, 
and dividing the filament increment by two continues 
until a step or means 116 determines that a preselect- 
ed minimumf ilamentcurrent increment size has been 
reached. The filament current at this point is then des- 
ignated as the calibrated filament current at the se- 
lected kV and mA. 

When the minimum increment value determining 
step or means 116 determines that the best possible 
calibration has been attained, a recording means 118 
records the filament current for the selected tube vol- 
tage and tube current combination in an appropriate 
memory cell 120 a filament current memory means 
122 (Figure 1). A tube voltage decrementing means 
or step 124 decrements the tube voltage to a lower 
one of the selected tube voltages. The filament cur- 
rent is again incremented and zeroed in on the appro- 
priate tube filament current value to attain the first se- 
lected tube current at this lower selected tube vol- 
tage The f ilament current value is recorded in an ap- 
propriate memory cell 128 of the filament current 
memory means 122. 

This process is repeated until a tube voltage 
minimum determining step or means 130 determines 
that the minimum selectable tube voltage has been 
reached. When the minimum tube voltage is reached, 
a step or means 132 resets the f ilament current to the 
previously calibrated filament current at the maxi- 
mum kV. i.e. point 90. The tube current incrementing 
step or means 94 increments the tube current and re- 
sets the tube voltage value to the maximum value. 
Thus, the first exposure at this new mA-kV combina- 
tion is guaranteed not to exceed the anode loading 
limit. The tube current calibration process is repeated 
until the appropriate filament current is determined to 
achi ve the next s lected calibration point 134 and 
ach of a selected plurality of successive tube vol- 
tage, tube current combinations ar obtain d. 

Although every selectable tube current, tube vol- 
tage combination might be s lected and calibrated in- 
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drvidually, it is preferred that nly a fraction of the 
tub current, tube v Itag combinations ar actually 
calibrated and that th rest ar determined by inter- 
polation. T this end, an interpolating means or step 
1 40 interpolates the actually calibrated tube currents 5 
(denoted by a solid circle in Figure 2 and an x in mem- 
ory 122 of Figure 1) to determine appropriate tube 
currents for each selectable tube current, tube vol- 
tage combination. 

It is to be appreciated that once the emission cur- 1 o 
rent level is determined, the selected tube current, 
tube voltage combinations can be calibrated in vari- 
ous orders. Preferably, the calibration is conducted 
from the minimum tube current towards the maximum 
tube current is 

Once the current filament memory 122 has been 
filled, the x-ray tube is calibrated and ready to be op- 
erated. An operator keyboard 142 has appropriate in- 
put buttons or dials for the operator to select any one 
of the selectable x-ray tube voltage and current com- 20 
binations. The microprocessor means 50 addresses 
the current filament memory 122 with the selected 
tube voltage and current and retrieves the corre- 
sponding filament current. The microprocessor then 
controls the current filament control means 16 to pro- 25 
vide the retrieved filament current and controls the 
tube voltage control means 22 to provide the selected 
tube voltage for a selected exposure duration. 



Claims 

1. A method of calibrating x-ray tube filament cur- 
rents of an x-ray tube (10) having an anode (12) 

and a cathode filament (14), wherein said meth- 35 
od comprises, as a first step, determining the fi- 
lament current at the emission point (52) by : a) 
applying a selected voltage across the cathoder 
filament (14) and the anode (12) of the x-ray tube 
(1 0); b) applying a small current to the cathode f I- 40 
lament (14) of the x-ray tube (10) at which no tube 
current flows; c) while the selected voltage is be- 
ing applied, monitoring for tube current between 
the cathode filament (14) and the anode (12); 
and d) increasing the cathode filament current 45 
and repeating steps a) - c) until tube current is 
monitored, the filament current at this point being 
designated as the filament current at the emis- 
sion point (52). 

50 

2. A method of calibrating x-ray tube filament cur- 
rents according to Claim 1, characterised in that 
it further comprises the steps of: e) applying a 
first sel cted tube voitag which is lower than or 

quals the selected voltage applied in st p b); f) 55 
incr asing the filament current (l fn ) from the fila- 
ment current value at which the filament emission 
point (52) was monit red; g) monitoring the r sul- 



tant tube current; hi) comparing the monitored 
tube current with a presel cted tube current; and, 
hz) repeating st ps f) - h) until the selected tube 
current is reached. 

3. A method as claimed in Claim 2 further including 
the step of: i) storing the f i lament current at which 
the preselected tube current is reached in a fila- 
ment current memory means (122) in a memory 
cell (1 20) that is addressable by the selected tube 
voltage and tube current pair which defines a 
tube current/tube voltage calibration for the x-ray 
tube. 

4. A method as claimed in Claim 3 further including , 
the step of: j) decrementing the first selected tube 
voltage to a lower selected tube voltage and re- 
peating steps f) - i), wherein, in step f) v the fila- 
ment current (l f n ) is increased from the previously 
calibrated filament current instead of from the fi- 
lament current value at which the filament emis- 
sion point (52) was monitored. 

5. A method as claimed in Claim 4 further including 
the step of: k) incrementing the preselected tube 
current and repeating steps e) - j), whereby 
anode overloading is avoided by basing each of 
a plurality of tube current/tube voltage calibra- 
tions on the previously calibrated tube current/tu- 
be voltage values. 

6. A method as claimed in Claim 3 further including 
incrementing the preselected tube current and 
repeating steps f) to i). 

7. A method as claimed in any preceding claim 
wherein the step of increasing the filament cur- 
rent includes changing the filament current in in- 

. crements of a first magnitude. 

8. A method as claimed in Claim 7 further including 
the step of decrementing the filament current by 
an increment of half said first magnitude, after 
the filament emission point is first monitored and 
repeating step c); if the tube current is still detect- 
ed, decrementing the filament current by an in- 
crement of a quarter of said first magnitude and 
if the tube current is no longer detected, incre- 
menting the tube current by the increment of a 
quarter of said first magnitude, and repeating 
step c). 

9. A method as claimed in Claim 7 when dependent 
onany fClaims2t 6 further including: after the 
tub curr nt xceeds th pres lected tube cur- 
r nt, d crementing the filament current by an in- 
crement f half said first magnitud and repeat- 
ing st ps g) and h); if the tub current still x- 
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ceeds th preselect d tube current, d crement- 
ing the filam nt curr nt by an increment of a 
quart r of said first mag nitude and if the tube cur- 
rent is below the preselected tube current, incre- 
menting the tube current by an increment of a 
quarter of said first magnitude and repeating 
steps g) and h). 

10. A method of calibrating pairs of x-ray tube f ila- 
ment current and tube voltage values, which 
comprises the steps of applying a filament cur- 
rent and tube voltage at a first previously calibrat- 
ed pair of values to an x-ray tube (10), said cali- 
brated pair being determined by the method ac- 
cording to Claim 2; setting the tube voltage to a 15 
second selected value; progressively increasing 
the filament current until a tube current reaches 
a second selected value; recording the filament 
current at which the tube current reaches the sec- 
ond selected value and recording the tube vol- 20 
tage/tube current values; repeating the progres- 
sively increasing steps for each of a plurality of fi- 
lament current and voltage pairs, whereby anode 
overloading is prevented by basing each calibra- 
tion on previously calibrated values. 25 

11. An x-ray tube system comprising: an x-ray tube 
" (10) having an anode (12), a cathode filament 
(14), and a power supply means (20) for selec- 
tively applying a voltage across the anode (12) 3C 
and cathode filament (14); x-ray tube voltage 
control means (22) for selectively controlling the 
voltage applied across the anode (12) and cath- 
ode filament (14); cathode filament current con- 
trol means (16) for controlling a current applied si 
through the cathode filament; and tube current 
monitoring means (64) for monitoring a tube cur- 
rent flow (24) between the cathode filament and 
the anode, characterized in that calibration . 
means are provided including: means (50) ar- 4 
ranged to cause the cathode filament current 
control means to apply a small current to the cath- 
ode f ilament of the x-ray tube at which no tube 
current flows; means (50) arranged to cause the 
x-ray tube voltage control means to apply a se- a 
lected voltage across the cathode filament and 
the anode; means arranged to cause the tube 
current monitoring means (64) to determine 
whether the x-ray tube current (24) flows be- 
tween the cathode filament and the anode while 
the preselected voltage is being applied; and 
means (66) arranged to cause the cathode f ila- 
ment current control means to increase the cath- 
ode filam ntcurrentuntilatub currentfl wsbe- 
tw n th cathod filam nt and the anode. 

12. An x-ray tub system as claimed in Claim 11 
wherein the calibration means further includes: 



means (98) for comparing the monit r d tube 
curr ntwithapresel ct dtub current. 

13. An x-ray tub system as claimed in Claim 11 r 
12 further including: filament current memory 
means (122) for storing each filament current at 
which a selected tube current is monitored, the fi- 
lament current memory means being address- 
able by each of a plurality of preselected tube vol- 
tage and tube current values. 

14. An x-ray tube system as claimed in Claims 11,12 
or 13 wherein the means (66) arranged to cause 
the cathode filament current control means (1 6) 
to increase the filament current increases the fi- 
lament current in preselected current increments 
and wherein the calibration means further in- 
cludes: means (78) for decreasing the filament 
current in the preselected current increments, 
and means (70, 82) for reducing the preselected 
current increments. 



Patentanspruche 

1. Verfahren zum Kalibrieren von Rontgenrohren- 
heizstrdmen einer RSntgenrShre (10), die eine 
Anode (12) und einen Kathodenheizfaden (14) 
aufweist, wobei das Verfahren als einen ersten 
Schritt die Ermittlung des Heizstroms am Emis- 
' sionspunkt (52) umfa&t durch: (a) Anlegen einer 
selektierten Spannung uber den Kathodenheiz- 
faden (14) und die Anode (12) der RfintgenrShre 
(1 0); (b) Einspeisen eines geringen Stroms in den 
Kathodenheizfaden (14) der R6ntgenr6hre (10), 
wobei bei diesem Strom kein Rohrenstrom flieftt; 
(c) Verfolgen des RShrenstroms zwischen dem 
Kathodenheizfaden (14) und der Anode (12), 
wfihrend die selektierte Spannung angelegt ist; 
und (d) Erhdhen des Kathodenheizstroms und 
Wiederholen der Schritte (a) bis (c), bis ein R6h- 
renstrom aufgenommen ist, wobei der Heizstrom 
an diesem Punkt als der Heizstrom am Emissi- 
onspunkt (52) designiert wird. 

2. Verfahren zum Kalibrieren von Rontgenrdhren- 
heizstrSmen gema& Anspruch 1 , 
dadurch gekennzeichnet, dafc es ferner die 
Schritte umfa&t: (e) Anlegen einer ersten selek- 
tierten Rohrenspannung, die geringer Oder gleich 
der selektierten im Schritt (b) angelegten Span- 
nung ist; (f) ErhShen des Heizstroms (l fH ) vom 
Heizstromwert, bei dem der Heizstromemissi- 
onspunkt (52) aufg nommen wurde; (g) Verfol- 
gen des resultierenden RShrenstroms; (h t ) V r- 
gleichen des aufgenommenen RShrenstroms mit 
ein m v rselektiert n Rohrenstrom; und (hj 
Wied rh len der Schritte (f) bis (h), bis der selek- 
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tiert Rdhrenstrom rreicht ist. 

3. Verfahren nach Anspruch 2, ferner umfassend 
den Schritt (i) Speichern des Heizstroms, bei 
dem der vorselektierte Rdhrenstrom erreicht ist, 5 
in einer Heizstromspeichereinrichtung (122) in 
einer Speicherzelle (120), die durch das selek- 
tierte Rdhrenspannungs-. und Rohrenstrompaar 
adressierbar ist, welches eine Rdhrenstrorn/Rdh- 
renspannungs-Kat ibrierung fur die Rdntgenrdhre 10 
def iniert. 

4. Verfahren nach Anspruch 3, ferner umfassend 
den Schritt: (j) schrittweises Veningern der er- 
sten selektierten Rdhrenspannung auf eine nied- 1 5 
rigere selektierte Rdhrenspannung und Wieder- 
holen der Schritte (f) bis (i), wobei in Schritt (f) der 
Heizstrom (lf jt ) statt vom Heizstromwert, bei dem 

der Heizstromemissionspunkt (52) aufgenom- 
men wurde, vom zuvor kalibrierten Heizstrom er- 20 
hoht wind. 

5. Verfahren nach Anspruch 4, ferner umfassend 
den Schritt (k) lnkrementieren des vorselektier- 

ten Rdhrenstroms und Wiederholen der Schritte 25 
(e) bis (j), wobei eine Anodenuberlastung vermie- 
den wird, indem jede einer Mehrzahl von Rdhren- 
strom/Rohrenspannungs/Kalibrationen auf der 
Grundlage der zuvor kalibrierten Rdhre ristrom/Ro h- 
renspannungs-Werte ermittelt wird. 30 

6. Verfahren nach Anspruch 3, ferner umfassend 
das lnkrementieren des vorselektierten Rdhren- 
stroms und das Wiederholen der Schritte (f) bis 

(«). 35 

7. Verfahren nach einem vorhergehenden An- 
spruch, in welchem der Schritt der Erhdhung des 
Heizstroms die Anderung des Heizstroms in In- 
krementen einer ersten Grd&e umfa&t 40 

8. Verfahren nach Anspruch 7, ferner umfassend 
den Schritt der schrittweisen Absenkung des 
Heizstroms urn ein Inkrement der Halfte dieser 
ersten Grd&e, nachdem der Heizstromemissi- 45 
onspunkt zuerst aufgenommen wurde, und der 
Wiederholung des Schritts (c); des schrittweisen 
Absenkens des Heizstroms urn ein Inkrement ei- 

nes Viertels der ersten Grd&e, falls der Rdhren- 
strom noch detektiert wird, und falls der Rdhren- so 
strom nicht linger detektiert wird, des Inkremen- 
tierens des Rdhrenstroms un das Inkrement ei- 
nes Viertels der ersten Grd&e, und Wiederholen 
d s Schritts (c). 

55 

9. Verfahren nach Anspruch 7 bei Ruckbeziehung 
auf inen der Anspruche 2 bis 6, ferner umfas- 
send: schrittweises Absenk n des Heizstroms 



urn in Inkrement iner Hfilfte der ersten Grdfie 
und Wiederholen der Schritte (g) und (h), nach- 
d m der R6hr nstrom den vorselektierten R6h- 
r nstrom Qberschritten hat; falls der Rdhren- 
strom den vorselektierten Rdhrenstrom immer 
noch ubersteigt, des schrittweisen Absenkens 
des Heizstroms um ein Inkrement eines Viertels 
der ersten Gro&e, und falls der Rdhrenstrom un- 
ter dem vorselektierten Rdhrenstrom liegt, das 
lnkrementieren des Rdhrenstroms um ein Inkre- 
ment eines Viertels der ersten Grd&e und Wie- 
derholen der Schritte (g) und (h). 

10. Verfahren zum Kalibrieren von Paaren aus 
Rdntgenrdhrenheizstrom- und Rdhrenspan- 
nungswerten, welches Verfahren umfaRt die 
Schritte des Einspeisens eines Heizstroms und 
Anlegens einer Rdhrenspannung aus einem er- 
sten zuvor kalibrierten Wertepaar in bzw. an eine 
Rdntgenrdhre (10), wobei das kalibrierte Paar 
durch das Verfahren gem§& Anspruch 2 ermittelt 
wird; Einstellen der Rdhrenspannung auf einen 
zweiten selektierten Wert; fortschreitendes Er- 
hdhen des Heizstroms, bis ein Rdhrenstrom ei- 
nen zweiten selektierten Wert erreicht; Aufzeich- 
nen des Heizstroms, bei dem der Rdhrenstrom 
den zweiten selektierten Wert erreicht, und Auf- 
zeichnen der Rdhrenspannungs/Rdhrenstrom- 
Werte; Wiederholen der fortschreitend steigern- 
den Schritte fur jedes einer Mehrzahl von Heiz- 
strom- und Spannungspaaren, wodurch eine An- 
odenuberlastung verhindert wird, indem jede 
Kalibration auf der Grundlage der zuvor kalibrier- 
ten Werte ermittelt wird. 

11. Rdntgenrdhrenvorrichtung, aufweisend: eine 
Rdntgenrdhre (10), die eine Anode (12), einen 
Kathodenheizfaden (14) und eine Versorgungs- 
einrichtung (20) aufweist, die selektiv eine Span- 
nung uber die Anode (12) und den Kathoden- 
heizfaden (14) legt; eine Rdntgenrdhrenspan- 
nungssteuereinrichtung (22) zur setektiven 
Steuerung der uber die Anode (12) und den 
Kathodenheizfaden (14) angelegten Spannung; 
eine Kathodenheizstromsteuereinrichtung (16) 
zum Steuern eines durch den Kathodenheizfa- 
den zugef uhrten Stroms; und eine Rdhrenstrom- 
verfolgungseinrichtung (64) zum Verfolgen eines 
Rdhrenstromflusses (24) zwischen dem 
Kathodenheizfaden und der Anode, 
dadurch gekennzeichnet, 

daR Kalibriereinrichtungen vorgesehen sind, die 
aufweisen: eine Einrichtung (50), die dazu aus- 
gelegt ist, di Kathod nh izstromsteu reinricht- 
ung dazu zu v ranlass n, ein n geringen Strom 
in den Kathodenheizfaden der Rdntg nrdhre ein- 
zuspeis n, bei dem k in Rdhrenstrom flieBt, ine 
Einrichtung (50), die dazu ausgel gt ist, die Rdnt- 
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genr6hrensp*nnungsspannungssteuereinricht 
ung dazu zu veranlassen, eine sel ktierte Span- 
ning Qber den Kathodenheizfaden und die An- 
ode zu legen; ein Einrichtung, di dazu ausge- 
legt ist, die RShrenstromverfolgungseinrichtung 
(64) dazu zu veranlassen, zu ermitteln, ob der 
Rontgenrohrenstrom (24) zwischen dem Katho- 
denheizfaden und der Anode flieRt, w§hrend die 
vorselektierte Spannung angeiegt ist; und eine 
Einrichtung (66), die dazu ausgelegt ist, die 
Kathodenheizstromsteuereinrichtung dazu zu 
veranlassen, den Kathodenheizstrom zu stei- 
gern, bis ein Rohrenstrom zwischen dem 
Kathodenheizfaden und der Anode flieRt 

12. R6ntgenn5hrenvorrichtung nach Anspruch 11, in 
welcher die Kalibrierungseinrichtungen ferner 
aufweisen, eine Einrichtung (98) zum Verglei- 
chen des aufgenommenen RShrenstroms mit ei- 
nem vorselektierten Rohrenstrom. 

13. R6ntgenr6hrenvorrichtung nach Anspruch 11 
Oder 12, ferner aufweisend: eine Heizstromspei- 
chereinrichtung (122) zum Speichern jedes Heiz- 
stroms, bei dem ein selektierter R6hrenstrom 
aufgenommen wird, wobei die Heizstromspei- 
chereinrichtung durch jeden einer Mehrzahl von 
selektierten R6hrenspannungs- und R6hren- 
stromwerten adressierbar ist 

14. R6ntgenr6hrenvorrichtung nach Anspruch 11, 12 
Oder 13, in welcher die Einrichtung (66) dazu aus- 
gelegt ist, die Kathodenheizstromsteuereinrich- 
tung (16) dazu zu veranlassen, die Heizstromzu- 
nahmen des Heizstroms in vorselektierten Stro- 
minkrementen zu steigern, und in welcher die Ka- 
librierungseinrichtungen ferner aufweisen: eine 
Einrichtung (78) zur Absenkung des Heizstroms 
in vorselektierten Strominkrementen, und Ein- 
richtungen (70, 82) zum Reduzieren der vorse- 
lektierten Strominkremente. 



Revendications 

1. Procede d'etalonnage des courants de filament 
d'un tube radiographique (10) ayant une anode 
(12) et un filament cathodique (14), le procede 
comprenant, dans une premiere etape, la deter- 
mination du courant de filament au point demis- 
sion (52) par: a) application d'une tension choisie 
entre le filament cathodique (14) et ranode (12) 
du tube radiographique (10), b) application d'un 
p tit courant aufilam nt cathodique (14) du tube 
radiographique (10) pour lequ I aucun courant ne 
circule dans le tube, c) pendant qu la tensi n 
choisi est appliquee, control du courant du 
tube entre le filament cathodique (14) et I'anode 



(12), t d) augmentation du courant du filament 
cathodiqu et repetition des etapes a) a c) jus- 
qu'a ce que le courant du tube soit contrfile, le 
courant du filament a ce moment 6tant appeie 
5 "courant du filament au point tfemission" (52). 

2. Procede d'etalonnage des courants de filament 
d'un tube radiographique selon la revendication 
1, caracterise en ce qu'il comprend en outre les 

10 etapes suivantes : e) Tap plication d'une premiere 
tension choisie de tube qui est inferieure ou egale 
a la tension choisie appliquee dans I'etape b), f) 
('augmentation du courant de filament (l fn ) depuis 
la valeur du courant de filament pour laquelle le 

15 point d'emission du filament (52) a et6 contr6l6, 
g) le contrdle du courant resultant du tube, hO la 
comparaison du courant contrdle du tube a un 
courant preregle du tube, et h^ la repetition des 
etapes f)-h) jusqu'a ce que le courant choisi du 

20 tube soit atteint 

3. Precede selon la revendication 2, comprenant en 
outre I'etape i) de memorisation du courant du fi- 
lament pour lequel le courant predetermine du 

25 tube est atteint dans une memoire (122) de cou- 
rant de filament, dans une cellule (120) de la me- 
moire qui peut etre adressee a Taide de la paire 
choisie formee de la tension du tube et du courant 
du tube qui determine un etalonnage courant- 

30 tension de tube pour le tube radiographique. 

4. Procede selon la revendication 3, comprenant en 
outre I'etape g) de diminution de la premiere ten- 
sion choisie du tube a une plus faible tension 

35 choisie de tube et de repetition des etapes f) a i), 
et dans laquelle, dans I'etape f), le courant du fi- 
lament (lfn) est augmente du courant de filament 
anterieurement etalonne a la place de la valeur 
du courant de filament a laquelle le point d'emis- 

40 sion du filament (52) a 6t6 contrfiie. 

5. Proc6d6 selon la revendication 4, comprenant en 
outre I'etape k) d'augmentation du courant pr£re- 
gie du tube et de repetition des etapes e) a j), si 

45 bien que la surcharge de I'anode est 6vitee par 
determination de chacun des etalonnages cou- 
rant-tension de tube d'apres les valeurs courant- 
tension de tube etalonn6es anterieurement 

50 6. Procede selon la revendication 3, comprenant en 
outre l'augmentation du courant pr6regl6 du tube 
et la repetition des etapes f) a i). 

7. Procede s Ion I'un quelconqu d s rev ndica- 
55 tionspr6c6d ntes.dansl quel I'etape d'augm n- 

tati n du courant du filament compr nd le chan- 
gement du courant du filament par pas 6l6m n- 
taires ayant un premiere amplitude. 
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8. ProcSdSsel n la revendicati n7,compr nanten 

utre I'etap de reduction du courant du filament 
d'un pas SISmentaire Sgat a la moitiS d la pre- 
miere amplitude, apres que le point d'emission 
du filament a StS controls la premiere fois v et de 5 
repetition de I'Stape c), et, si le courant du tube 
est encore detects, de reduction du courant du fi- 
lament d'une valeur SISmentaire egale au quart 
de la premiere amplitude et, si le courant du tube 
n'est plus detects, d'aug mentation du courant du 1 o 
tube de la valeur Slementaire egale au quart de 
la premiere amplitude, et de repetition de I'Stape 
c). 

9. Pro cede selon la revendication 7 lorsqu'elle de- 15 
pend de Tune quelconque des revendications 2 a 

6, comprenant en outre, apres que le courant du 
tube a depasse le courant preregle du tube, la re- 
duction du courant du filament d'une valeur ele- 
mentaire egale a la moitie de la premiere ampli- 20 
tude et la repetition des Stapes g) et h), si le cou- 
rant du tube depasse encore le courant prSrSgIS 
du tube, la reduction du courant du filament 
d'une quantity SISmentaire egale au quart de la 
premiere amplitude et, si le courant du tube est 25 
inferieur au courant preregle du tube, ('augmen- 
tation du courant du tube d'une valeur SlSmentai- 
re egale au quart de la premiere amplitude et la 
repetition des Stapes g) et h). 

30 

10. Procede d'Stalonnage de paires de valeurs de 
courant de filament et de tension de tube radio- 
graphique, qui comprend les Stapes suivantes : 
('application d'un courant de filament et d'une 
tension de tube, ayant une premiere paire de va- 35 
leurs prSalablement StalonnSe, a un tube radio- 
graphique (10), la paire StalonnSe Stant dStermi- 

nSe par le procSdS selon la revendication 2, le re- 
glage de la tension du tube a une seconde vaieur 
choisie, ('augmentation progressive du courant 40 
du filament jusqu'S ce que le courant du tube at- 
teigne une seconde valeur choisie, Ten registre- 
ment du courant du filament pour lequel le cou- 
rant du tube atteint la seconde valeur choisie, et 
I'enregistrement des valeurs de la tension et du 45 
courant du tube, puis la rSpStition des Stapes 
d'augmentation progressive pour chacune de 
plusieurs paires de valeurs du courant du fila- 
ment et de la tension, si bien que la surcharge 
anodique est SvitSe par determination de chaque so 
Stalonnage d'aprSs les valeurs StalonnSes antS- 
rieurement 

11. Ens mble a tube radiographique comprenant un 

tub radiographique (10) ayant un anod (12), 55 
un filament cathodique (14), et une alim ntation 
(20) destinSe a appiiqu r sSI ctiv ment une t n- 
sion entre I'anode (12) et le filament cath dique 



(14), un dispositif (22) de rSglage sSlectif de la 
tension appiiquSe entre I'an de (12) et le fila- 
ment cathodiqu (14), un dispositif (16) de rSgla- 
ge d'une urantappliquSaufilam nt cathodique, 
et un dispositif (64) de contrdle du courant dans 
le tube destinS a contrdler la circulation d'un cou- 
rant (24) dans le tube entre le filament cathodi- 
que et I'anode, caractSrisS en ce qu'il comprend 
un dispositif d'Stalonnage qui comporte un dispo- 
sitif (50) destinS a provoquer ('application, par le 
dispositif de reglage du courant du filament 
cathodique, d'un petit courant appliquS au fila- 
ment cathodique du tube radiographique et pour 
lequel aucun courant ne circule dans le tube, un 
dispositif (50) destinS a provoquer ('application, 
par le dispositif de reglage de la tension du tube 
radiographique, d'une tension choisie entre le fi- 
lament cathodique et I'anode, un dispositif desti- 
nS a provoquer la determination, par le dispositif 
(64) de contrdle du courant du tube, du fait que 
le courant (24) du tube radiographique circule en- 
tre le filament cathodique et I'anode lorsque la 
tension prSrSglSe est appiiquSe, et un dispositif 
(66) destinS a provoquer ('augmentation, par le 
dispositif de rSglage du courant du filament 
cathodique, du courant du filament cathodique 
jusqu'a ce qu'un courant du tube circule entre le 
filament cathodique et I'anode. 

12. Ensemble a tube radiographique selon la reven- 
dication 11, dans lequel le dispositif d'Stalonnage 
comporte en outre un dispositif (98) de comparai- 
son du courant controls du tube a un courant pre- 
rSglSdutube. 

13. Ensemble a tube radiographique selon la reven- 
dication 11 ou 12, comprenant en outre une me- 
moire (122) de courant de filament destinSe a 
mSmoriser chaque courant de filament pour le- 
quel un courant choisi du tube est controls, la me- 
moire de courant de filament pouvant Stre adres- 
sSe par chaque ensemble de plusieurs valeurs 
prSdSterminSes de la tension du tube et du cou- 
rant du tube. 

14. Ensemble a tube radiographique selon la reven- 
dication 11, 12 ou 13, dans lequel le dispositif 
(66) destinS a provoquer ('augmentation, par le 
dispositif (16) de rSglage du courant de filament 
cathodique, du courant du filament augmente le 
courant du filament par quantitSs SISmentaires 
prSrSglSes du courant, et le dispositif d'Stalonna- 
ge comporte en outre un dispositif (78) destinS a 
rSduire I courant du filament par quantitSs SIS- 
mentaires prSrSglSes du courant, et un dispositif 
(70, 82) destinS a rSduire les quantitSs SlSmen- 
tair s prSrSglSes du courant. 
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